The generation of transgenic mice by pronuclear microinjection and their subsequent breeding has been more efficient with F1 or F2 zygotes than with zygotes of inbred strains because inbred mice generally have a relatively poor reproductive performance (1). However, an inbred genetic background is preferable for genetic analyses such as the transfer of one allele of a mouse gene into a strain carrying a different allele (2). Likewise, for insertional mutagenesis experiments, inbred strains eliminate ambiguity caused by different genetic backgrounds and segregating markers in the progeny. As reported here, the inbred strain FVB/N is a good breeder with large litters, and the fertilized eggs of this strain have large prominent pronuclei, which facilitate microinjection of DNA.
The generation of transgenic mice by pronuclear microinjection and their subsequent breeding has been more efficient with F1 or F2 zygotes than with zygotes of inbred strains because inbred mice generally have a relatively poor reproductive performance (1) . However, an inbred genetic background is preferable for genetic analyses such as the transfer of one allele of a mouse gene into a strain carrying a different allele (2) . Likewise, for insertional mutagenesis experiments, inbred strains eliminate ambiguity caused by different genetic backgrounds and segregating markers in the progeny. As reported here, the inbred strain FVB/N is a good breeder with large litters, and the fertilized eggs of this strain have large prominent pronuclei, which facilitate microinjection of DNA.
The ancestor of FVB/N is an outbred colony of Swiss mice N:GP (NIH general purpose mouse) established at the National Institutes of Health in 1935. From the N:GP colony, a second colony N:NIH (NIH mouse) was established in the early 1940s. In 1966, a project was begun to develop two populations of N:NIH mice. Mice were inoculated with pertussis vaccines, followed by a challenge with histamine diphosphate. Two strains were selected for sensitivity and resistance and were designated as histamine sensitivity factor sensitive (HSFS/N) and histamine sensitivity factor resistant (HSFR/N), respectively. In the early 1970s, a group of mice at the eighth inbred generation from HSFS/N line were determined to carry the Fv-lb allele for sensitivity to the B strain of Friend leukemia virus, in contrast to N:NIH mice, which were sensitive to the N strain of this virus (Fv-J ") (F.L., unpublished results). These mice were then inbred and offspring were selected for Fv-Jb homozygosity. To avoid confusion with the HSFS/N strain that is Fv-1 ", the Fv-J b strain was designated as FVB for Friend virus B-type susceptibility. This strain has been maintained since the late 1970s as an inbred strain without selection for either pertussis vaccine sensitivity or virus type. In this report, we provide a detailed characterization of the genetic background of the FVB/N strain and the advantages of using the strain to generate and study transgenic mice.
MATERIALS AND METHODS Mice. FVB/N mice (F38) were obtained from the National Institutes of Health Animal Genetic Resource.
Pronudear Measurement. Embryos were obtained by in vitro fertilization of superovulated oocytes as described (3) .
Embryos developing pronuclei between 6 and 7 hr postinsemination were cultured an additional 5-6 hr and photographs were taken with Nomarski optics. Pronuclear volumes were calculated from their diameters measured along the equatorial planes perpendicular to the location of the polar bodies and excluding the zonae pellucidae. Only embryos exhibiting both pronuclei were used for analysis.
Generation of Transgenic Mice. Pronuclear microinjections were performed by standard techniques (1). Mice were maintained on a cycle of light from 6:00 a.m. to 8:00 p.m.
Superovulation was induced by administration of 5 international units of pregnant mare serum gonadotropin (Calbiochem) between 1:00 and 2:00 p.m., followed by 5 international units of human chorionic gonadotropin (Sigma) 48 hr later. DNA solutions were injected at a concentration of 2.5 I&g/ml in 10 mM Tris HCl/0.1 mM EDTA, pH 7.4 (11) .
Computer Analyses. The MATRIX program that allows statistical screening of nearly 500 genetic markers over 1000 strains was written by Roderick and Guidi (12) and loaded in a SUN workstation at The Jackson Laboratory. It is accessible outside The Jackson Laboratory.
Formation and Analysis of Blastocyst Chimeras. The methods described by Bradley (13) were used. (15) . A typical breeding pair mated at every postpartum estrous cycle and continued breeding for at least half a year, usually longer. The sex ratio of weaned animals did not significantly deviate from a 1:1 ratio (53% females and 47% males). FVB/N mice are easy to handle, with mild behavior patterns.
Pronuclear Volume of FVB/N Zygotes. About 6-7 hr after fertilization, male and female pronuclei appear in the periphery ofthe zygote. They then move toward the center while the first round ofDNA replication takes place, and the sizes ofthe pronuclei increase accordingly (1) . Because spontaneous ovulation is asynchronous, sperm penetration in vivo occurs over a period of 2-3 hr (1). To determine the size of the pronuclei, in vitro fertilization was used to synchronize the process.
Groups of eggs from FVB/N and control (C57BL/6J x SJL/J)F1 (abbreviated as (B6SJLF1) were fertilized with FVB/N or control B6SJLF1 sperm in a 2 x 2 factorial design. FVB/N sperm had a lower efficiency of fertilizing either FVB/N or B6SJLF1 eggs compared with B6SJLF1 sperm (50o of FVB/N embryos were fertilized with FVB/N sperm compared with 88% with the F1 sperm). Nevertheless, fertilized eggs from all groups that were cultured further developed to the morula and blastocyst stages at similar frequencies. As shown in Table 1 , there was no difference in the mean volume of FVB/N and control B6SJLF1 zygotes (-2.7 x 101 ,um3 or 270 pl). However, the volumes of both male and female pronuclei in the zygotes from FVB/N eggs were significantly (20) and CS1 (21) have been described, and both give germ-line chimeras at a frequency of 25-30%o of chimeric offspring when injected into C57BL/6J blastocysts. LG-1 is a parthenogenetic ES cell line, which so far has not produced any germ-line chimeras (C.L.S., unpublished data). As Table 2 . Efficiency of transgenic mouse construction using FVB/N, C57BL/6J, and B6SJLF1 zygotes shown in Table 4 , -40% of mice derived from FVB/N blastocysts injected with CS1 and LG-1 were chimeric. However, the tissue contribution of the injected ES cells in these chimeras was low, with no individuals exhibiting >50%o chimerism in the coat. Only one chimera derived from the CS1 line was chimeric in the germ line. ES cell line D3, which 4 ; they are Ly-3 (chromosome 6), Mup-J (chromosome 4), and Thy-] (chromosome 9). It remains to be determined whether any of these four genes is responsible for the large pronuclei. Because N:NIH mice have been maintained as an outbred colony, it is conceivable that genes were still segregating when the Fv-J b allele was found at the eighth inbred generation in the normally Fv-J" HSFS/N strain. It is also possible that mutations occurred in the HSFS/N colony to cause the FVB/N phenotype.
The fertilization efficiency by FVB/N sperm in vitro was somewhat lower than B6SJLF1 sperm; the efficiency may be improved by adjustments in the conditions for in vitro fertilization-e.g., improvement of capacitation. Attempts to form germ-line chimeras using 129/Sv-derived ES cell lines were not very successful with FVB/N blastocysts. The contribution of injected cells to the internal tissues and coat color of the chimeric animal was much less than that observed when C57BL/6J zygotes were used. In this context, it would be interesting to reverse the combination; to 
